8.1 13 C NMR of reaction products 8.1.1. DDM and DDG To assign the 13 C NMR spectra of DDG and DDM, we first determined that there were four different chemical species (based on comparison of peak areas in the quantitative 13 C NMR; see Table S1 ). These compounds are assigned as α and β anomers of DDG and DDM. Different ratios of DDG and DDM were generated by converting lgol feedstocks over Amberlyst 70 at 100 o C with t/e ratios of 1.3 (Table 3 , Entry 2) and 3.3 (Table 4 , Entry 5). We calculated the peak area ratios of different pairs of these four peaks (e.g. [DDM_1 + DDM+2]/[DDG_1 + DDG_2]) and found that only one of these ratios matched the ratio of the two peaks observed in the HPLC, as well as the t/e ratio of the converted lgols (Table S2) . We cannot rule out the possibility that the stereochemistry at the C 2 position is completely inverted upon lgol hydrolysis, but there is no chemical reason to expect this to occur. The α and β anomers were not distinguished in this study; these species are expected to exist in equilibrium in water. All assignments are in reasonable agreement with the Mestrenova 13 C NMR-predicted chemical shifts for DDM/DDG (Table S3 ), noting that DDM and DDG are not distinguished by the NMR prediction software. The multiplicities of each 13 C peak (Table S1 ) are consistent with the assignments. The C 2 and C 5 carbon positions were not distinguished due to their similar chemical shifts and multiplicities. The C 3 and C 4 positions were also not distinguished due to their similar chemical shifts and multiplicities.
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Electronic Supplementary Material (ESI) for Green Chemistry. This journal is © The Royal Society of Chemistry 2018 Table S4 . Similar to fructose, five tautomers are observed by 13 C NMR: acyclic ketone, α and β-furanose, and α and β-pyranose. The ketone tautomer was assigned based on the observation a ketone peak at 213.7 ppm (quaternary), and the C 5 carbon position ("C-H" multiplicity) at 71.1 ppm. The α and β furanose tautomers were assigned based on the two peaks at 106.4 and 106.0 ppm (C 2 anomeric carbon; quaternary), and two peaks at 81.5 and 79.6 ppm (C 5 hydroxymethyl-ether carbon; "C-H" multiplicity). The C 5 hydroxymethyl-ether carbon position is only present in the furanose tautomer, allowing the furanose and pyranose tautomers to be distinguished. The C 2 anomeric carbon positions of the α and β pyranose tautomers were assigned as the two peaks at 95.7 and 95.1 ppm. The α and β anomers were not distinguished in this study.
Concerning the region of the 13 C NMR spectrum of DDF up-field of 70 ppm, peaks corresponding to the different tautomers of DDF could not be completely distinguished due to the similar chemical shifts between different carbon positions. As shown in Table S4 , the chemical shift, relative peak area, and multiplicity of each carbon position are consistent with the assignments; all assignments are also in reasonable agreement with the Mestrenova 13 C NMR predicted chemical shifts (Table S5 ). In the region of the spectrum between 63-68 ppm, the expected number of "pyranose (C 1 or C 6 )" peaks (four), "pyranose (C 5 )" peaks (two), and "ketone or furanose (C 1 or C 6 )" peaks (six) are observed. The C 5 pyranose peak was assigned based on the "C-H" multiplicity of this carbon position. The C 1 and C 6 carbon positions of the ketone and furanose tautomers were not distinguished because the peaks had similar chemical shifts, peak areas, and multiplicities. In the region of the spectrum between 23-34 ppm, the expected number of "ketone or furanose (C 3 or C 4 )" peaks (six) and the expected number of pyranose (C 3 or C 4 ) peaks (four) are observed. The C 3 and C 4 carbon positions of the ketone and furanose tautomers were not distinguished because the peaks had similar chemical shifts, peak areas, and multiplicities. . This result rules out the presence of a hydrated geminal diol (which would have molecular weight 166 g/mol), a compound which could also show a quaternary 13 C NMR peak in the 90-110 ppm region of the 13 C NMR spectrum. A smaller peak at m/z = 131 was observed, which could correspond to a protonated isomer of lgol (e.g. a THFDM precursor, 130 g/mol).
Tetrol
Cis-and trans-tetrol were assigned using reported 13 C NMR chemical shifts from the literature. 1 The c/t ratio was calculated based on the ratio of these peaks measured by quantitative 13 C NMR. 
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